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Abstract
The overabundance of high-energy cosmic positrons, observed by PAMELA and AMS-
02, can be considered as the consequence of dark matter decays or annihilations. We show
that recent FERMI/LAT measurements of the isotropic diffuse gamma-ray background
impose severe constraints on dark matter explanations and make them practically incon-
sistent.
1 Introduction
The unexpected increase of the positron fraction in cosmic rays with energies above 10 GeV (also
known as the “positron anomaly”) was observed for the first time in the PAMELA experiment
[2] and was later confirmed by AMS-02 [3]. A lot of attention was paid to this discovery since the
standard mechanisms of positron production and acceleration predicted a much steeper energy
spectrum of cosmic positrons. The list of possible explanations includes, inter alia, decays or
annihilations of dark matter (DM) particles, implying the existence of interconnection between
our world and “dark world”. This intriguing possibility is though highly constrained by a set
of direct, indirect and accelerator-based observations, which force DM models to become more
and more sophisticated. But no matter how complicated a DM model explaining the positron
anomaly is, it should obviously fulfill the principal requirement that it produces a sufficient
amount of high-energy positrons. The undesirable consequence of this fact is that, regardless
of the prior (internal) processes, production of charged particles is accompanied by gamma-ray
emission (see Fig. 1).
In addition, gamma rays are produced during the propagation of charged particles through
the Galactic gas and the electromagnetic media, mainly in such processes as Bremsstrahlung
and inverse Compton scattering (ICS). As we are going to show, even this at first sight small
contribution to Galactic gamma rays may come in conflict with the latest Fermi-LAT data on
the isotropic diffuse gamma-ray background [4, 5] and, furthermore, rule out DM explanations
of the high-energy cosmic positron excess. Basically, the reason of this problem is the following:
the total amount of positrons and photons depends on the size of the volume in which their
sources are concentrated, and though physically both positrons and photons have the same
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Figure 1: A diagram illustrating an example of the DM annihilation process providing a positron
via W+ decay and some variety of states X. The positron emits final state radiation (FSR).
source, the volume of space from which they mostly arrive is substantially different. While only
those positrons that were produced in the ∼ 3 kpc proximity can approach the Earth (due to
their stochastic motion in the Galactic magnetic fields and the corresponding energy losses),
gamma rays can come to us directly from any point of the DM halo, where they were born.
Now, since the DM halo is indeed large, the amount of gamma rays can simply overwhelm the
observed limits.
2 The theorem
The no-go theorem we are considering can be expressed as follows:
Any model of DM providing a satisfactory explanation of the high-energy cosmic positron
data and assuming an isotropic distribution of annihilating or decaying DM particles in the
Galactic halo produces an overabundance of gamma rays that contradicts the latest experimental
data on the diffuse gamma-ray background.
The proof starts with “the extraction” of the initial (injection) spectrum of positrons produced
in DM annihilations from the cosmic positron data (decays result in larger values of gamma-
positron ratio compared to the case of annihilations and hence are discarded right away).
Though, technically we did it the other way round (see [1] for the details) – we found the
injection spectrum, which eventually (after taking into account the effects of propagation)
provides the best possible fit to the AMS-02 data on cosmic positron fraction (Fig. 2).
To calculate the local fluxes of positrons (and the ICS and Bremsstrahlung contributions to
gamma rays) from DM annihilations, the GALPROP code was used [6]. One may argue that
our results depend on the choice of propagation parameters (spatial diffusion coefficient, size
of magnetic halo, etc.), which are not really well defined yet (we used the set of propagation
parameters providing the best fit of AMS-02 proton and Boron-to-Carbon data [7]). We agree
that a piece of uncertainty comes from the propagation model, though we do not expect it to
influence the result significantly. In other words, a “finely tuned” propagation model is not
likely to solve the problem with gamma rays.
Now, we want to estimate the “minimal” model-independent initial spectra of prompt
gamma radiation. In these estimations we concentrate on the fact that the positron with a
given energy was produced in an elementary process, which appears as some part of the DM
annihilation cascade. For example, this process might be a W+ or Z decay or even the decay of
some new positively charged massive particle. The set of possible vertices is, first of all, limited
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Figure 2: DM positron injection spectra (left), providing the best possible fit to the AMS-02
positron fraction data (right).
by Lorentz symmetry and renormalizability of the interaction. Thus, at the tree level, we are
left with four point vertices (Fig. 3).
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Figure 3: The diagrams illustrating two allowed types of elementary processes providing a
positron in the final state. Here f denotes any fermion enabled by the symmetry group and
kinematics and φ any enabled integer spin field.
Since we are interested in positrons and gamma rays with energies above 10 GeV, we expect
that the energy spectrum of final state radiation from e+ would only depend on the energy of
the emitting positrons and that it can be calculated as
dN
dE
=
1 TeV∫
E
φγ(E,E0)fe(E0) dE0, (1)
where fe(E0) denotes the initial spectrum of positrons (see Fig. 2) and φγ(E,E0) denotes the
spectrum of photons produced by the positrons with energy E0. It is given by [8]
φγ(E,E0) =
α
piE
(
1 +
(
1− E
E0
)2)(
ln
[(
2E0
me
)2(
1− E
E0
)]
− 1
)
. (2)
Here we neglect the difference in the positron spectra before and after photon emission. The
resulting minimal flux of gamma rays from DM annihilations is shown in Fig. 4.
As one can see, the minimal gamma-ray flux obtained satisfies the contemporary Fermi-
LAT limit (except the last data point, which has a large error though), but, according to one of
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Figure 4: The minimal gamma ray flux from DM annihilations compared to the contemporary
(we take the most conservative model B, see [4]) and expected [5] Fermi-LAT data on IGRB.
Two major contributions are shown separately in different colors.
their recent papers [5], more than 80% of IGRB can be explained by unresolved astrophysical
sources, such as active galactic nuclei. This new (expected) limit turns out to be much lower
than the predicted minimal flux of gamma rays. Q.E.D.
Also, one should take into account two facts, which make our result even stronger: a) we
didn’t take into consideration the extragalactic gamma-ray flux (since its estimations are model-
dependent), which may be comparable to the Galactic one; b) practically, any DM model yields
more prompt radiation than just the contribution from positrons.
One of the key assumptions of our theorem is the conventional isotropic distribution of
annihilating/decaying DM. As it was shown in one of our works [1] one can circumvent this
no-go theorem by assuming a non-isotropic positron source distribution, e.g. a dark matter
disk.
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